When the direct view between the target and the observer is not available, due to obstacles with non-zero sizes, the observation is received after reflection from a reflector, this is the indirect view or Non-Line-Of Sight condition. Localization of a target in NLOS condition still one of the open problems yet. In this paper, we address this problem by localizing the reflector and the target simultaneously using a single stationary receiver, and a determined number of beacons, in which their placements are also analyzed in an unknown map. The work is done in mirror space, when the receiver is a camera, and the reflector is a planar mirror. Furthermore, the distance from the observer to the target is estimated by size constancy concept, and the angle of coming signal is the same as the orientation of the camera, with respect to a global frame. The results
distance from the observer to the target can be estimated based on its size shown at the image plane of the camera. Furthermore, in a world frame, the orientation of the coming observation is identical to the orientation of the camera. For the sake of simplicity, the experimental work is done in a mirror space, in which the observer is a camera, the reflector is a planar mirror and the target must be localized is an object with known size constancy value. The noises are modeled for this space, and added for the overall work.
The detailed work is shown in Fig.1 ; a lot of possible positions of the target can be seen, where the angle and orientation of the reflector are unknown, for one-bounce reflection. Here, the beacon's position affects the localization and helps for finding the reflector's components and the target's position. The key challenge is how to benefit from the limited information coming from beacons to achieve the localization. In this paper, we want to proof that with only one observer and a determined number of beacons, the target localization problem is able to solved, for an unknown map. Also a beacon placement analysis is done; the number of needed beacons and their locations are proposed. The problem is addressed for the limited size reflector.
Problem Formulation
Localizing a target after being reflected through a reflector depends on the reflector's pose and orientation, hence, the reflector should be localized. In a 2-D space, as shown in Fig. 2 , in a world frame, a target's position, noted by ( , ) With a total estimated distance from the observer to the target noted by total d :
A relation between the object's size and the distance from the observer is introduced in [26, 27] , in which the product of the size and the distance for an object is constant, it is the size constancy concept. It seems to be the same as the geometric projective of a picture on the image plane and from its size (the number of the occupied pixels), the distance of the object can be calculated. In other words, the distance of the object from the observer increases and decreases based on its size, when the product is calculated based on a reference size 
Where,   obj s is the size of the object seen by the observer.
The number of unknowns of this problem is five, in which two for the target's pose and three for the reflector.
The target's pose depends on the reflector, for that, three independent variables must be determined, i.e. But these equations are non-linear and must be linearized in order to localize the target.
Proposed Approach
Based on the results from [26] , for a known position of the reflector, the reflector's orientation is determined using only 2 beacons, placed in the intersection area of all field of views of the observer for different reflector's orientation (see Fig. 3 ).
(a) (b) Figure 3 . From [26] , (a) an example of the intersection area of three field of views of the observer for a limited size reflector to put the beacon and ensure it to be seen by the observer. (b) Zoom In of the (a) to see clearly the desired area.
For an unknown reflector's position and orientation, the same work can be done; for the different reflector's positions along the line observer, two beacons must be placed in order to find the unknown reflector's orientation.
Here, the total estimated distance total d is divided into steps ( d  ); for each step, the position of the reflector is known, and using the 2 beacons in the desired areas, its orientation is determined. The position of the reflector for each step is determined by:
Where : 0 total d to d and d  is the step size calculated in the later section. But for this method, the number of beacons grows; it depends on the total estimated distance, the size of the reflector and the threshold between the reflector and the line observation, i.e.  as shown in Fig. 4 . The number of beacons needed to cover all these areas is:
As shown in Fig. 4 , for an angle of orientation of the reflector  
The equation of this line should:
The line observer is also determined by the observer point and one angle    : The intersection point between these 2 lines is determined by:
Where inter1 .tan ( 2 ) .tan( ) tan( 2 ) tan( )
The step size is calculated by:
Now, the step size   d  is determined, the position of the 2 beacons also must be determined. For that, as shown in Fig. 5 , the beacons must be placed within the line of length b from the reflection point. It is the intersection between the reflector at angle 90 w.r.t to line observer, and the reflected line passing through the point C calculated using (10) . 
It results in:
.tan ( 2 ) .tan(90 ) tan ( 2 ) tan(90 )
Finally, the place of beacons is determined: Figure 5 . the non-moving beacon must be placed within the triangle rectangle area circumvented by the a/2 side and the b side.
An algorithm can be proposed for this method: Figure 5 . For a moving beacon, three paths are suggested here, from left to right: the saw-tooth path, the rectangular path and the linear path.
Due to the big number of needed beacons, this method cannot be applicable. Furthermore, it is imperative to reach the virtual target's position in order to place the beacons, i.e. to reach the last point of the possible position of the reflector along the observation line. So a moving beacon is proposed, in which it moves in a determined path to ensure that it is reflected by the reflector and seen by the observer, so the reflector (orientation and position) is determined first and the target is localized.
Many paths can be found, in Fig. 5 , we suggest three paths, where one of them is the shortest path (based on the length):
Right) Path1-linear path: it is shown in green; the beacon moves from the first beacon's position, parallel to the line observer, and return from the other side. The total length of the path is:
Middle) Path2-rectangular path: it is shown in orange; the beacon moves from the first beacon's position in a rectangular form. The total length of the path is:
Left) Path3-saw-tooth path: it is shown in blue; the beacon moves from the first beacon's position, in sawtooth form. The total length of the path is:
Comparing 1 2 3 , L L L P P and P , we see that for ba  (I mean if the step size is bigger than the distance between the 2 beacons), then
In conclusion, 2 L P is the shortest one between these three paths.
Beacon Motion Model and Particle Filter
In practice, two motion models are existing, the odometry-based and the velocity-based. Due to the different beacon's types (UGV or UAV), a velocity-based model is suggested in which the pose of the beacon can be calculated based on the velocity and the time elapsed. Here, we have to model the translation between 2 consecutive poses, without caring the rotation. The beacon moves from
, 
Simulation Results
Our measurements are the angle of arrival of the target's signal and the distance estimated from the target to the observer. for that, the errors can be modeled as Gaussian noises zero means with () v  variance and () total vd variance for both the angle of arrival and the estimated distance respectively. It is important to say that for a perfect camera, the distance can be estimated without error, i.e. the size is calculated precisely.
Here, the noise in the estimation of the distance is due to the concavity or convexity of the mirror, it can be not ideal in which the noise occurs.
The intersection area of the field of views of the observer for different reflector's orientations is determined.
It is a triangle rectangle in R (the intersection point between the observation line and the reflector) with 2 sides, a/2 and b as shown in the Fig. 6 . Because of noisy measurements, this triangle is shifted and the area is varied due to the SD values. Figure 6 . From simulation, the lossless intersection area is shown in blue, and after adding noises to the measurements, the noisy area should in red, it is shifted from the ideal case. To show the validity of our approach, the RMSEs of the target and reflector are calculated based on random standard deviations up to 10% of the real value of the measurements (the total estimated distance is 5 and the angle of arrival is 70), for 200 iterations each run. The results are shown in Table 1 . Figure 7 . Based on the beacon placed within the desired area, the target and reflector are localized. The true positions of them are shown in blue (square for the reflector and star for the target), and the noisy positions are shown in red.
Experimental Results
In order to test the proposed approach, a mirror space is considered (See Fig. 8 ) and a set of experiments are
performed. The target was tested with different positions of the target and different mirror's orientations and positions. The noises of the measurements (the angle of coming signal and the estimated distance between the target and the camera) are modeled based on the reflector's specs, the camera's resolution and the exact positions of the components into the searching area.
Setup of the experiments:
 An 80x80 cm 2 plane is formed with uniform holes.
 The experiments are done using only a single receiver as an observer, it is a camera with 2 MP resolution (1088*1920).
 The camera has a fixed position, but free direction, i.e. it can scan in all directions.
 The mirror is chosen to be a perfect reflector with a smooth surface as much as possible.
 The target is an object of known size constancy value, i.e. it has a known size at a reference distance.
Before starting:
 The camera must be calibrated.
 The reflector, the camera and the object must be checked to be 90° with the plane to prevent the skewed object's image.
Steps of the work:
 A target is placed at a known position, facing the mirror, to be seen by the camera directed at the object's center, and the length of the object is determined by the pixels covering its image in the picture.
 After getting the estimated distance and the angle of arrival of the observation, a beacon with known position and size, is placed at the required area; the image of the beacon is seen by the camera but in NLOS, with different target's angle of arrival.
 The true beacon's position is known, and its image is calculated, so the orientation and the position of the reflector is determined using (1a), (1b) and (4) .
 Knowing the reflector's position and orientation, the target is localized using Eqs (6a), (6b) and (6c).
 This scenario is repeated for n times, in order to model the error from real measurements. It is important to say that the size constancy value of the objects in table.2 is calculated based on 1 m distance for both the target and the beacon, and it can be transformed to the pixel world, and each size is calculated based on the occupied pixels on the image plane. For example, for the target with size 15.25 cm at 1 m, its size constancy is 15.25, but assuming that we work in the world image, its size constancy value must be 229
(it occupies 229 pixels in length at 1 m distance). The same work is done for the beacon.
Finally, the goal is to localize the target, after determining the orientation and position of the reflector using beacons. The total noises are deduced and modeled. Figure 8 . The real work is implemented in the mirror space, the target (grey rectangle) is seen indirectly by a camera fixed at the corner of the plane through the mirror. From the orientation of the camera and the size of the object projected at the image frame, the angle of arrival of the observation and the estimated distance from target to the camera are determined respectively. Table 3 The RMSE of the target localization and the measured data vs the real data for different experiments (all the positions and distances are in cm, and the orientations are in degrees). Figure 10 . the reflector's position and orientation (i.e. the mirror) is estimated using a single beacon (the pencil) placed at the desired area. 
Discussion
Based on the experimental and simulation results, the proposed approach is applicable for the mirror space and the other mentioned spaces (RF and sound and…), but here, the conditions must be changed. For example, in our work, the mirror was 1/5 th the total distance, but usually, in RF world, the total distance is widely bigger than the reflector's size (let's say s/d=1/1000); if this approach is valid for this ratio?
The intersection area founded for placing a beacon is the triangle rectangle on the reflector pose at   total dd  . And their sides are described in (14) and (18) . By expanding these equations, the total distance   
Conclusion
In this paper we addressed the target localization issue, after reflection from a reflector, in NLOS condition and solved it using beacons. Real experiments are done in a mirror space, in which the observer is a camera and the reflector is a planar mirror. Hence, the target is an object snapped by a camera and from its size that is projected at the image plane of the camera, the distance from target to the camera is estimated using size constancy concept. This is a typical application of patrolling areas and localize persons or objects in the desired areas. Although the traditional localization methods can solve most of the cases, especially when they are mixed or combined, but our results show that using only one observer and a determined number of beacons, the impossible target localization cases are able to be solved. Furthermore, we have proposed an algorithm to determine the best positions for the beacons, to minimize the localization error. The approach has been formulated and tested in simulated environment; in conclusion, the experimental results match the theoretical results.
In the future, this work can be extended to other spaces such as the sound source localization and RFsource localization. Also, the same problem can be addressed for 3-D space.
